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pound layer and the opposing electrode of the light-emitting 
elements. 
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LIGHT-EMITTING DEVICE AND METHOD 
OF FABRICATING THE SAME 

This application is a divisional of U.S. application Ser. No. 
10/011, 195, filed on Dec. 7, 2001. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of fabricating an 

active matrix-type light-emitting device having a light-emit 
ting element on a substrate, and to a light-emitting device. 
The light-emitting element stands for an element of a struc 
ture having an anode, a cathode and an organic compound 
layer containing a light-emitting organic material (hereinafter 
referred to as organic material) that produces EL (electrolu 
minescence) Sandwiched therebetween. The light-emitting 
element referred to here is also called OLED (organic light 
emitting device). In this specification, further, a light-emit 
ting panel having a light-emitting element sealed between a 
Substrate and a covering member, and a light-emitting module 
having an IC mounted on the light-emitting panel, are gener 
ally referred to as light-emitting devices. The invention is 
further concerned with electric appliances using the above 
light-emitting device on the display unit. The EL (electrolu 
minescent) devices referred to in this specification include 
triplet-based light emission devices and/or singlet-based light 
emission devices, for example. 

2. Prior Art 
The light-emitting element is highly visible since it emits 

light by itself, is best Suited for decreasing the thickness since 
it does not use backlight needed by the liquid crystal display 
devices (LCDS), and imposes no limitation on the viewing 
angle. In recent years, therefore, the light-emitting device 
using the light-emitting element is drawing attention to Sub 
Stitute for the CRTs and LCDs. 
The light-emitting element includes a layer containing an 

organic material that produces EL (electroluminescence: 
luminescence which is produced upon the application of a 
electric field), an anode and a cathode. The luminescence 
produced by the organic material can be classified into emis 
sion of light (fluorescence) of when the singlet excitation state 
returns back to the ground state and emission of light (phos 
phorescence) of when the triplet excitation state returns back 
to the ground state. The light-emitting device of the present 
invention may use the light-emitting element containing 
either organic material. 

In this specification, the layers provided between the anode 
and the cathode are all defined as organic compound layers. 
Concretely speaking, the organic compound layers include a 
light-emitting layer, a positive hole injection layer, an elec 
tron injection layer, a positive hole transporting layer and an 
electron transporting layer. Basically, the light-emitting ele 
ment has a structure in which the anode/light-emitting layer/ 
cathode are laminated in this order. In addition to this struc 
ture, the light-emitting element may often have a structure in 
which the anode/positive hole injection layer/light-emitting 
layer/cathode are laminated in this order or the anode/positive 
hole injection layer/light-emitting layer/electron transporting 
layer/cathode are laminated in this order. 

In forming the light-emitting element, the layer of the 
organic compound is formed by the vaporization method, 
printing method, ink-jet method or spin-coating method. 
Among them, the vaporization method capable of sepa 

rately applying the organic compound by using a metal mask 
or the like mask, is one of the film-forming methods fre 
quently used for forming a film of a low-molecular organic 
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2 
material. In forming the active matrix-type light-emitting 
element, however, this method arouses a problem in that the 
pixels are damaged when the metal mask comes in contact 
with the pixels in forming the film of the organic compound, 
since the light-emitting elements are formed after the TFTs 
are formed. 

According to the conventional method of fabricating the 
light-emitting element as taught in Japanese Patent Laid 
Open No. 339968/1999, however, the passivation film is 
formed after the pixel electrode is formed, and the organic 
compound layer and the opposing electrode are formed after 
the passivation film is removed from the pixel electrode por 
tion. Therefore, there has been formed a structure for protec 
tion with the passivation film so that the metal mask will not 
come in contact with the pixels. In this specification, the 
passivation film formed except on the pixel electrodes is 
called bank. 
By forming the bank prior to forming the layer of the 

organic compound and the opposing electrodes as described 
above, it is allowed to prevent the metal mask from coming 
into contact with the pixels. 

In fabricating the light-emitting element, the bank com 
prising an insulating material is formed to Surround the pixels 
after the pixel electrode is formed for each of the pixels. 
The bank works not only to protect the wiring but also to 

protect the pixel electrodes of the pixels, the organic com 
pound layer and the opposing electrodes from being damaged 
when they are touched by the metal mask in forming the 
organic compound layer and the opposing electrodes by 
vaporization on the pixel electrodes of the pixels by using the 
metal mask, and to prevent the electrodes from being short 
circuited to the wiring at the time when the opposing elec 
trodes are formed. 

However, formation of the bank requires another piece of 
mask for patterning. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a 
method of fabricating an active matrix-type light-emitting 
device without the bank but which is provided with a function 
that substitutes for the bank, and a light-emitting device fab 
ricated by this method. 

This invention was accomplished in order to solve the 
above-mentioned problem, and provides a method of fabri 
cating an active matrix-type light-emitting device, wherein a 
structure for protecting the Surroundings of pixels is formed 
by using an interlayer-insulating film and a wiring formed on 
the interlayer-insulating film, in order to prevent a metal mask 
from coming into direct contact with the pixels informing the 
light-emitting elements in the pixels. 

Formation of the above structure makes it possible to con 
trol the positions for forming the organic compound layer on 
the pixel electrodes and for forming the film on the opposing 
electrodes, so that the electrodes forming the light-emitting 
elements will not be short-circuited. 

First, a TFT is formed on a substrate. In forming a gate 
electrode of the TFT, there is simultaneously formed a first 
wiring on a portion of the region where the light-emitting 
element is to be formed to connect the TFT to a pixel elec 
trode. In this specification, the first wiring is called electrode 
connection wiring. There is, then, formed an interlayer-insu 
lating film of an insulating material. Upon partly etching the 
interlayer-insulating film, the interlayer-insulating film is 
also etched from a portion where a pixel is to be formed, and 
the electrode connection wiring that has been formed is partly 
exposed. 
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Then, a metal film and an insulating film are formed. First, 
the insulating film is patterned by dry etching. At this 
moment, the metal film and the insulating film provide Suffi 
ciently large selection ratios. Next, the metal film is patterned 
by wet etching thereby to form a separation portion and a 
wiring (second wiring) from the insulating film and the metal 
film. In etching the metal film, the separation portion is simul 
taneously etched, too. Here, however, the material forming 
the second wiring has been so selected as to be etched faster 
with an etching solution than the material forming the sepa 
ration portion. If the substrate on which the TFT is formed 
after the second wiring has been formed, is viewed from the 
upper side, therefore, the second wiring is formed having an 
area Smaller than that of the separation portion. The etching 
solution used for the wet etching may be a hydrofluoric acid 
or a mixed solution containing the hydrofluoric acid, or a 
mixed solution of phosphoric acid, nitric acid and acetic acid. 
The second wiring is so formed as to be electrically con 

nected to the source or the drain of the TFT. The second 
wiring is further so formed as to be overlapped on the inter 
layer-insulating film and on part of the electrode connection 
wiring. 

The wiring and the separation portion are thus formed on 
the interlayer-insulating film. In this specification, the second 
wiring and the separation portion formed on the interlayer 
insulating film are called partitioning walls. In the foregoing 
was described the case where different etching methods were 
used for forming the separation portion and the second wir 
ing, which, however, may beformed by the same wet-etching 
method. A current control TFT for controlling the amount of 
current flowing into the light-emitting element is in contact 
with the electrode connection wiring and is electrically con 
nected thereto. 

After the partitioning walls have been formed, a pixel 
electrode is formed for each of the pixels so as to be in contact 
with the electrode connection wiring in a portion that is not 
overlapped on the second wiring. The pixel electrode formed 
here is not in contact with the second wiring. An organic 
compound layer is deposited on the pixel electrode by the 
vaporization method by using a metal mask. 

Here, the metal mask may be so provided as will not come 
in contact with the substrate. Even when the metal mask is 
brought into contact with the substrate, however, the pixels 
are not damaged. Due to the metal mask and the partitioning 
wall, it is allowed to form the organic compound layer at any 
desired position maintaining good precision. 

Next, an opposing electrode is formed. Here, the electrode 
is formed with the partitioning walls as a mask, and is not 
short-circuited to the pixel electrode or the wiring. 
As described above, the bank is formed requiring no mask. 

Further, the light-emitting element is not deteriorated with 
water that is produced at the time when the bank is formed 
using a resin, and the pixel electrode is not affected by the 
temperature at the time when the bank is fired. It is further 
allowed to form a structure in which the pixels are surrounded 
by the interlayer-insulating film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(A) to 1(C) are views illustrating a method of 
fabrication according to this invention; 

FIGS. 2(A) to 2(C) are views illustrating a method of 
fabrication according to this invention; 

FIGS. 3(A) to 3(C) are views illustrating how to form 
partitioning walls; 

FIG. 4(A) is an SEM photograph of the partitioning walls; 
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4 
FIG. 4(B) shows details of a structure shown in the SEM 

photograph of FIG. 4(A): 
FIG. 5 is a circuit diagram of pixels; 
FIG. 6 is a circuit diagram of a pixel; 
FIGS. 7(A) to 7(D) are views illustrating the steps of fab 

rication; 
FIGS. 8(A) to 8(C) are views illustrating the steps of fab 

rication; 
FIGS. 9(A) to 9(C) are views illustrating the steps of fab 

rication; 
FIGS. 10(A) and 10(B) are views illustrating a structure for 

sealing a light-emitting device; 
FIG.11(A) is a view illustrating a pixel unit and a driver; 
FIG.11(B) is a top view illustrating a part of a pixel unit; 
FIG. 11(C) is a top view illustrating a part of a pixel unit; 

and 
FIGS. 12(A) to 12(H) are views illustrating examples of 

electric appliances. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the invention will now be described 
with reference to FIGS. 1 and 2. FIG. 1(A) illustrates a pixel 
which is formed in a plural number in a pixel unit. 

First, an active layer of Si is formed on a substrate 100. This 
forms a source region, a drain region and a channel region of 
the TFT that will be fabricated later. Here, regions surrounded 
by dotted lines in FIG. 1(A) are called region a (101a) and 
region b (101b). ATFT formed in the regiona (101a) serves 
as a switching TFT, and a TFT formed in the region b (101b) 
serves as a current control TFT. That is, an active layer a 
(102a) forms a source region, a drain region and a channel 
region of the switching TFT. Further, an active layerb (102b) 
forms a source region, a drain region and a channel region of 
the current control TFT. 

Reference numeral 103 denotes a gate signal line, and a 
wiring 104 connected to the gate signal line forms a gate 
electrode of the switching TFT that will be formed later. 
Described here is a case where the device has a double gate 
structure. The gate structure, however, is in no way limited 
thereto only but may be a single-gate structure or a multiple 
gate structure. 

There is further formed, simultaneously with the above 
wirings, a drain wiringa (105) which is electrically connected 
to the drain of the switching TFT. The drain wiring a (105) 
serves as a gate electrode of the current control TFT. There is 
further formed a current feederline 106 that forms an electric 
connection to the current control TFT. The current feederline 
106 feeds an electric current that flows into the light-emitting 
element. 

Reference numeral 107 denotes an electrode connection 
wiring that electrically connects the current control TFT and 
the pixel electrode together. 

After these wirings are formed, an interlayer-insulating 
film 108 is formed. An insulating material is used for forming 
the interlayer-insulating film 108. Concretely speaking, there 
may be used an inorganic film containing silicon, such as 
silicon oxide or silicon nitride, oran organic resin film Such as 
of polyimide, polyamide or acrylic resin. 

After the interlayer-insulating film 108 is formed, the 
region for forming the pixel electrode is patterned into a shape 
as shown in FIG. 1 (B). Here, as shown, the interlayer-insu 
lating film has been formed to partly cover the electrode 
wiring 107. 



US 7,393,792 B2 
5 

FIG.1(C) is a sectional view of a portion along a dotted line 
AA' in FIG. 1 (B). Namely, in this portion, the wirings are all 
covered with the interlayer-insulating film 108. 

Next, in addition to a source signal line 109, there are 
formed a source wiringa (110) for electrically connecting the 
current control TFT to the current feederline 106, and a drain 
wiring b (111) for electrically connecting the drain of the 
current control TFT to the electrode connection wiring 107 
(FIG. 2(A)). 

These wirings are formed by forming the structure shown 
in FIG. 1 (B) and, then, forming a film of a metal material for 
forming the wirings. The metal material used here may be Al 
(aluminum) or Ti (titanium), or an alloy of Al and Ti, or an 
alloy of Al and Si. 
On the metal film is further formed a separation film by 

using a material which provides a selection ratio with the 
etching solution when it is etched simultaneously with the 
metal film by the wet-etching method. As described above, 
the separation film may be formed using any material pro 
vided it exhibits a selection ratio to the metal film at the time 
of wet etching. Therefore, the separation film may be an 
inorganic film Such as of silicon nitride or silicon oxide, or 
may be a metal film such as of Ti. There may be further used 
an organic resin Such as polyimide, polyamide, acrylic resin 
or resist. 
A wiring pattern is formed after the metal film and the 

separation film are formed. Dry etching is effected after the 
separation film is patterned, thereby to form a wiring pattern 
of the metal film and the separation film laminated one upon 
the other. The wiring is wet-etched to etch the metal film 
having a larger selection ratio of etching. When viewed from 
the upper side, therefore, the metal film becomes smaller than 
the separation film as shown in FIG. 2(A). 

Here, a portion along the dotted line AA in FIG. 2(A) is 
patterned, i.e., the metal film is patterned to form a drain 
wiring b (111). FIG. 2(B) is a sectional view of a separation 
portion 112 formed by etching the separation film. In this 
specification, the separation films formed on the wiring by 
patterning are all called separation portions. FIG. 2(B) illus 
trates a state where the separation portion 112 is formed on 
the drain wiring b (111). In this invention, however, the wir 
ings formed by patterning the separation film all have their 
upper portions covered with the separation portion. 

FIG.2(C) is a sectional view of a portion along a dotted line 
BB' in FIG. 2(A). As will be understood from the sectional 
view of FIG. 2(C), the electrode connection wiring 107 is 
formed being partly connected to the drain wiring b (111) and 
is, hence, electrically connected thereto. 

In a region (113) shown in FIG.2(C), the pixel electrode for 
forming the light-emitting element is patterned, and an 
organic compound layer and an opposing electrode are 
formed thereon by vaporization by using a metal mask. Here, 
due to the partitioning wall formed by the drain wiring b (111) 
and the separation portion 112, it is allowed to prevent the 
pixel from coming in contact with the metal mask. It is further 
made possible to solve the problem of short-circuit between 
the pixel electrode and the opposing electrode caused by the 
positions for forming the organic compound layer and the 
opposing electrode. 

Further, since the drain wiring b (111) has its upper part 
completely covered with the separation portion 112, the prob 
lem of short-circuit between the drain wiring b (111) and the 
opposing electrode is prevented at the time when the oppos 
ing electrode is formed for forming the light-emitting ele 
ment. 

Upon putting the invention into practice as described 
above, the wiring can be used to substitute for the conven 
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6 
tional bank. Therefore, no mask needs to be used for forming 
the bank, and the process of fabrication can be simplified. 

Described below are the method of forming the wiring and 
the separation portion by etching described above, and the 
shapes thereof. 

Referring to FIG. 3(A), a metal film 201 is formed on a 
substrate 200, and a separation film 202 is formed on the 
metal film 201. FIG. 3(a) is a sectional view along a dotted 
line AA in FIG.3(A). 
The separation film 202 is patterned by dry etching by 

using a resist 203 to form a separation portion 204 having a 
desired pattern as shown in FIG. 3(B). 

FIG.3(b) illustrates the sectional structure along a dotted 
line AA in FIG.3(B). 

Here, the metal film 201 is etched by wet etching. At this 
moment, the material forming the separation portion 204 and 
the material forming the metal film 201 must be those that are 
capable of providing a sufficient degree of selection ratio for 
the etching Solution during the etching. 

Here, the metal film 201 is etched to form a separation 
portion 204 and a wiring 205 as shown in FIG.3(C). FIG.3(c) 
shows the sectional structure along a dotted line AA' in FIG. 
3(C). 

FIG. 4(A) is an SEM photograph of the sectional structures 
of the separation portion 204 and the wiring 205 formed by 
the above method by using Al as the metal film 201 and SiN 
as the separation portion 204. 

FIG. 4(B) illustrates in detail the structure shown in the 
SEM photograph of FIG. 4(A). Reference numerals used here 
are corresponding to reference numerals used in FIG. 3. 

Here, the etching is isotropic in which a thickness (x) of the 
wiring, an etching distance (y) of the upper part of the wiring 
in the transverse direction with the etching center (c) as a 
reference, and an etching distance (a) of a lower part of the 
wiring in the transverse direction with the etching center (c) 
as a reference, satisfy a relationship y=X+C. (C.D0). In the case 
of this embodiment, the thickness X of the wiring is 500 nm, 
the etching distance a of the lower part of the wiring in the 
transverse direction is 400 nm, and the etching distance y of 
the upper part of the wiring in the transverse direction is 900 
nm. Not being limited thereto only according to this inven 
tion, further, the wiring material, the width of wiring and the 
etching rate may be suitably adjusted Such that the above 
relationship holds true. 

EXAMPLES 

Example 1 

This Example deals with the structure of a pixel unit of a 
light-emitting device fabricated according to this invention. 

FIG. 5 is a diagram illustrating, on an enlarged scale, a 
pixel unit 301 of the light-emitting device. The pixel unit 301 
is provided with source signal lines (S1 to SX), current feeder 
lines (V1 to Vx) and gate signal lines (G1 to Gy). 

In the case of this Example, a pixel 304 is a region having 
any one of the source signal lines (S1 to SX), any one of the 
current feeder lines (V1 to Vx) and any one of the gate signal 
lines (G1 to Gy). The pixel unit 301 includes plural pixels 304 
arranged in the form of a matrix. 

Referring to FIG. 6 illustrating the pixel 304 on an enlarged 
scale, reference numeral 305 denotes a switching TFT. The 
gate electrode of the switching TFT 305 is connected to the 
gate signal line G (G1 to GX). The switching TFT 305 has the 
Source region and the drain region, the one of which being 
connected to the source signal line S (S1 to SX) and the other 
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one of which being connected to the gate electrode of a 
current control TFT 306 and to a capacitor 308 possessed by 
each pixel. 
The capacitor 308 is for holding the gate voltage (potential 

difference between the gate electrode and the source region) 
of the current control TFT 306 when the switching TFT 305 
is in the non-selected state (offstate). This Example illustrates 
the constitution provided with the capacitor 308. Being not 
limited to this constitution only, however, the invention may 
not be provided with the capacitor 308. 
The current control TFT306 includes the source region and 

the drain region, the one of which being connected to the 
current feeder line V (V1 to Vx) and the other one of which 
being connected to a light-emitting element 307. The current 
feeder line V is connected to the capacitor 308. 
The light-emitting element 307 includes an anode, a cath 

ode and an organic compound layer provided between the 
anode and the cathode. When the anode is connected to the 
source region or the drain region of the current control TFT 
306, the anode serves as the pixel electrode and the cathode 
serves as the opposing electrode. Conversely, when the cath 
ode is connected to the source region or to the drain region of 
the current control TFT 306, the cathode serves as the pixel 
electrode and the anode serves as the opposing electrode. 
An opposing potential is applied to the opposing electrode 

of the light-emitting element 307. A power source potential is 
applied to the current feeder line V. The power source poten 
tial and the opposing potential are given from a power Source 
such as of an IC provided outside the light-emitting device of 
the invention. 

The switching TFT 305 and the current control TFT 306 
may be either the n-channel TFTs or the p-channel TFTs. 
Here, however, when either the source region or the drain 
region of the current control TFT 306 is connected to the 
anode of the light-emitting element 307, it is desired that the 
current control TFT 306 is the p-channel TFT. Further, when 
either the Source region or the drain region of the current 
control TFT 306 is connected to the cathode of the light 
emitting element 307, it is desired that the current control TFT 
306 is the n-channel TFT. 

Further, the switching TFT305 and the current control TFT 
306 may have a multi-gate structure such as a double-gate 
structure or a triple-gate structure instead of the single-gate 
Structure. 

Next, described with reference to FIGS. 7 to 9 is a method 
of simultaneously forming, on the same Substrate, the pixel 
unit described above and the TFTs (n-channel TFTs and 
p-channel TFTs) of a drive circuit provided surrounding the 
pixel unit. 

This Example uses a substrate 900 of a glass such as barium 
borosilicate glass or aluminoborosilicate glass as represented 
by the glass #7059 or the glass #1737 of Corning Co. There is 
no limitation on the substrate 900 provided it has a property of 
transmitting light, and there may be used a quartz. Substrate. 
There may be further used a plastic substrate having heat 
resistance capable of withstanding the treatment temperature 
of this Example. 

Referring next to FIG. 7(A), an underlying film 901 com 
prising an insulating film Such as silicon oxide film, silicon 
nitride film or silicon oxynitride film is formed on the sub 
strate 900. In this Example, the underlying film 901 has a 
two-layer structure. There, however, may be employed a 
structure in which a single layer or two or more layers are 
laminated on the insulating film. The first layer of the under 
lying film 901 is a silicon oxynitride film 901 a formed main 
taining a thickness of from 10 to 200 nm (preferably, from 50 
to 100 nm) relying upon a plasma CVD method by using 
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8 
SiH, NH and NO as reaction gases. In this Example, the 
silicon oxynitride film 901a (having a composition ratio of 
Si=32%, O=27%, N=24%, H=17%) is formed maintaining a 
thickness of 50 nm. The second layer of the underlying film 
901 is a silicon oxynitride film 901b formed maintaining a 
thickness of from 50 to 200 nm (preferably, from 100 to 150 
nm) relying upon the plasma CVD method by using SiHa and 
NOas reaction gases. In this Example, the silicon oxynitride 
film 901b (having a composition ratio of Si=32%, O=59%, 
N=7%, H=2%) is formed maintaining a thickness of 100 nm. 

Then, semiconductor layers 902 to 905 are formed on the 
underlying film 901. The semiconductor layers 902 to 905 are 
formed by forming a semiconductor film having an amor 
phous structure by a known means (sputtering method, 
LPCVD method or plasma CVD method) followed by a 
known crystallization processing (laser crystallization 
method, heat crystallization method or heat crystallization 
method using a catalyst Such as nickel), and patterning the 
crystalline semiconductor film thus obtained into a desired 
shape. The semiconductor layers 902 to 905 are formed in a 
thickness of from 25 to 80 nm (preferably, from 30 to 60 nm). 
Though there is no limitation on the material of the crystalline 
semiconductor film, there is preferably used silicon or a sili 
con-germanium (SiGe (X=0.0001 to 0.02)) alloy. In this 
Example, the amorphous silicon film is formed maintaining a 
thickness of 55 nm relying on the plasma CVD method and, 
then, a solution containing nickel is held on the amorphous 
silicon film. The amorphous silicon film is dehydrogenated 
(500° C., one hour), heat-crystallized (550°C., 4 hours) and 
is, further, Subjected to the laser annealing to improve the 
crystallization, thereby to form a crystalline silicon film. The 
crystalline silicon film is patterned by the photolithographic 
method to form semiconductor layers 902 to 905. 
The semiconductor layers 902 to 905 that have been 

formed may further be doped with trace amounts of an impu 
rity element (boron or phosphorus) to control the threshold 
value of the TFT. 

In forming the crystalline semiconductor film by the laser 
crystallization method, further, there may be employed an 
excimer laser of the pulse oscillation type or of the continu 
ously light-emitting type, a YAG laser or aYVO laser. When 
these lasers are to be used, it is desired that a laser beam 
emitted from a laseroscillatoris focused into a line through an 
optical system so as to fall on the semiconductor film. The 
conditions for crystallization are suitably selected by a person 
who carries out the process. When the excimer laser is used, 
the pulse oscillation frequency is set to be 300 Hz and the laser 
energy density to be from 100 to 400 m.J/cm (typically, from 
200 to 300 ml/cm). When the YAG laser is used, the pulse 
oscillation frequency is set to be from 30 to 300 kHz by 
utilizing the second harmonics and the laser energy density to 
be from 300 to 600 ml/cm (typically, from 350 to 500 
mJ/cm). The whole surface of the substrate is irradiated with 
the laser beam focused into a line of a width of 100 to 1000 
um, for Example, 400 um, and the overlapping ratio of the 
linear beam at this moment is set to be 50 to 90%. 

Then, a gate-insulating film 906 is formed to cover the 
semiconductor layers 902 to 905. The gate-insulating film 
906 is formed of an insulating film containing silicon main 
taining a thickness of from 40 to 150 nm by the plasma CVD 
method or the Sputtering method. In this Example, the gate 
insulating film is formed of a silicon oxynitride film (compo 
sition ratio of Si=32%, O=59%, N=7%, H=2%) maintaining 
a thickness of 110 nm by the plasma CVD method. The 
gate-insulating film is not limited to the silicon oxynitride 
film but may have a structure on which is laminated a single 
layer or plural layers of an insulating film containing silicon. 
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When the silicon oxide film is to be formed, TEOS (tetra 
ethyl orthosilicate) and O. are mixed together by the plasma 
CVD method, and are reacted together under a reaction pres 
sure of 40 Pa, at a substrate temperature of from 300 to 400° 
C., at a frequency of 13.56 MHz and a discharge electric 
power density of from 0.5 to 0.8 W/cm. The thus formed 
silicon oxide film is, then, heat-annealed at 400 to 500° C. 
thereby to obtain the gate-insulating film having good prop 
erties. 

Then, a heat-resistant electrically conducting layer 907 is 
formed on the gate-insulating film 906 maintaining a thick 
ness of from 200 to 400 nm (preferably, from 250 to 350 nm) 
to form the gate electrode. The heat-resistant electrically con 
ducting layer 907 may be formed as a single layer or may, as 
required, beformed in a structure of laminated layers of plural 
layers such as two layers or three layers. The heat-resistant 
electrically conducting layer contains an element selected 
from Ta, Ti and W, or contains an alloy of the above element, 
or an alloy of a combination of the above elements. The 
heat-resistant electrically conducting layer is formed by the 
sputtering method or the CVD method, and should contain 
impurities at a decreased concentration to decrease the resis 
tance and should, particularly, contain oxygen at a concen 
tration of not higher than 30 ppm. In this Example, the W film 
is formed maintaining a thickness of 300 nm. The W film may 
beformed by the Sputtering method by using Was a target, or 
may be formed by the hot CVD method by using tungsten 
hexafluoride (WF). In either case, it is necessary to decrease 
the resistance so that it can be used as the gate electrode. It is, 
therefore, desired that the W film has a resistivity of not larger 
than 20 LG2cm. The resistance of the W film can be decreased 
by coarsening the crystalline particles. When W contains 
much impurity elements such as oxygen, the crystallization is 
impaired and the resistance increases. When the Sputtering 
method is employed, therefore, a W target having a purity of 
99.9999% is used, and the W film is formed while giving a 
sufficient degree of attention so that the impurities will not be 
infiltrated from the gaseous phase during the formation of the 
film, to realize the resistivity of from 9 to 20 LG2cm. 
On the other hand, the Ta film that is used as the heat 

resistant electrically conducting layer 907 can similarly be 
formed by the sputtering method. The Ta film is formed by 
using Aras a sputtering gas. Further, the addition of Suitable 
amounts of Xe and Kr into the gas during the Sputtering 
makes it possible to relax the internal stress of the film that is 
formed and to prevent the film from being peeled off. The Ta 
film of a phase has a resistivity of about 20 LG2cm and can be 
used as the gate electrode but the Ta film of B phase has a 
resistivity of about 180 LG2cm and is not suited for use as the 
gate electrode. The TaN film has a crystalline structure close 
to the a phase. Therefore, if the TaN film is formed under the 
Tafilm, there is easily formed the Ta film of C-phase. Further, 
though not diagramed, formation of the silicon film doped 
with phosphorus (P) maintaining a thickness of about 2 to 
about 20 nm under the heat-resistant electrically conducting 
layer 907 is effective in fabricating the device. This helps 
improve the intimate adhesion of the electrically conducting 
film formed thereon, prevent the oxidation, and prevent trace 
amounts of alkali metal elements contained in the heat-resis 
tant electrically conducting layer 907 from being diffused 
into the gate-insulating film 906 of the first shape. In any way, 
it is desired that the heat-resistant electrically conducting 
layer 907 has a resistivity over a range of from 10 to 50 LG2cm. 

Next, a mask 908 is formed by a resist relying upon the 
photolithographic technology. Then, a first etching is 
executed. This Example uses an ICP etching device, uses Cl 
and CF as etching gases, and forms a plasma with RF (13.56 
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10 
MHz) electric power of 3.2 W/cm under a pressure of 1 Pa. 
The RF (13.56 MHz) electric power of 224 mW/cm is sup 
plied to the side of the substrate (sample stage), too, whereby 
a Substantially negative self-bias Voltage is applied. Under 
this condition, the W film is etched at a rate of about 100 
nm/min. The first etching treatment is effected by estimating 
the time by which the W film is just etched relying upon this 
etching rate, and is conducted for a period of time which is 
20% longer than the estimated etching time. 
The electrically conducting layers 909 to 912 having a first 

tapered shape are formed by the first etching treatment. The 
electrically conducting layers 909 to 912 are tapered at an 
angle of from 15 to 30°. To execute the etching without 
leaving residue, over-etching is conducted by increasing the 
etching time by about 10 to 20%. The selection ratio of the 
silicon oxynitride film (gate-insulating film906) to the W film 
is 2 to 4 (typically, 3). Due to the over-etching, therefore, the 
surface where the silicon oxynitride film is exposed is etched 
by about 20 to about 50 nm (FIG. 7(B)). 

Then, a first doping treatment is effected to add an impurity 
element of a first type of electric conduction to the semicon 
ductor layer. Here, a step is conducted to add an impurity 
element for imparting the n-type. A mask 908 forming the 
electrically conducting layer of a first shape is left, and an 
impurity element is added by the ion-doping method to 
impart the n-type in a self-aligned manner with the electri 
cally conducting layers 909 to 912 having a first tapered shape 
as masks. The dosage is set to be from 1x10" to 5x10' 
atoms/cm, so that the impurity element for imparting the 
n-type reaches the underlying semiconductor layer penetrat 
ing through the tapered portion and the gate-insulating film 
906 at the ends of the gate electrode, and the acceleration 
voltage is selected to be from 80 to 160 keV. As the impurity 
element for imparting the n-type, there is used an element 
belonging to the Group 15 and, typically, phosphorus (P) or 
arsenic (As). Phosphorus (P) is used, here. Due to the ion 
doping method, an impurity element for imparting the n-type 
is added to the first impurity regions 914 to 917 over a con 
centration range of from 1x10' to 1x10' atoms/cm (FIG. 
7(C)). 

In this step, the impurities turn downto the lower side of the 
electrically conducting layers 909 to 912 of the first shape 
depending upon the doping conditions, and it often happens 
that the first impurity regions 914 to 917 are overlapped on the 
electrically conducting layers 909 to 912 of the first shape. 

Next, the second etching treatment is conducted as shown 
in FIG. 7(D). The etching treatment, too, is conducted by 
using the ICP etching device, using a mixed gas of CF and 
Clas an etching gas, using an RF electric power of 3.2W/cm 
(13.56MHz), a bias power of 45 mW/cm (13.56MHz) under 
a pressure of 1.0 Pa. Under this condition, there are formed 
the electrically conducting layers 918 to 921 of a second 
shape. The end portions thereof are tapered, and the thick 
nesses gradually increase from the ends toward the inside. 
The rate of isotropic etching increases in proportion to a 
decrease in the bias voltage applied to the side of the substrate 
as compared to the first etching treatment, and the angle of the 
tapered portions becomes 30 to 60°. The mask 908 is ground 
at the edge by etching to form a mask 922. In the step of FIG. 
7(D), the surface of the gate-insulating film 906 is etched by 
about 40 nm. 

Then, the doping is effected with an impurity element for 
imparting the n-type under the condition of an increased 
acceleration Voltage by decreasing the dosage to be smaller 
than that of the first doping treatment. For Example, the 
acceleration voltage is set to be from 70 to 120 keV, the 
dosage is set to be 1x10"/cm thereby to form first impurity 
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regions 924 to 927 having an increased impurity concentra 
tion, and second impurity regions 928 to 931 that are in 
contact with the first impurity regions 924 to 927. In this step, 
the impurity may turn down to the lower side of the electri 
cally conducting layers 918 to 921 of the second shape, and 
the second impurity regions 928 to 931 may be overlapped on 
the electrically conducting layers 918 to 921 of the second 
shape. The impurity concentration in the second impurity 
regions is from 1x10" to 1x10" atoms/cm (FIG. 8(A)). 

Referring to FIG. 8(B), impurity regions 933 (933a,933b) 
and 934 (934a, 934b) of the conduction type opposite to the 
one conduction type are formed in the semiconductor layers 
902, 905 that form the p-channel TFTs. In this case, too, an 
impurity element for imparting the p-type is added using the 
electrically conducting layers 918,921 of the second shape as 
masks to form impurity regions in a self-aligned manner. At 
this moment, the semiconductor layers 903 and 904 forming 
the n-channel TFTs are entirely covered for their surfaces by 
forming a mask 932 of a resist. Here, the impurity regions 933 
and 934 are formed by the ion-doping method by using dibo 
rane (BH). The impurity element for imparting the p-type is 
added to the impurity regions 933 and 934 at a concentration 
of from 2x10' to 2x10' atoms/cm. 

If closely considered, however, the impurity regions 933, 
934 can be divided into two regions containing an impurity 
element that imparts the n-type. Third impurity regions 933a 
and 934a contain the impurity element that imparts the n-type 
at a concentration of from 1x10' to 1x10' atoms/cm and 
fourth impurity regions 933b and 934b contain the impurity 
element that imparts the n-type at a concentration of from 
1x10 to 1x10' atoms/cm. In the impurity regions 933b and 
934b, however, the impurity element for imparting the p-type 
is contained at a concentration of not smaller than 1x10' 
atoms/cm and in the third impurity regions 933a and 934a, 
the impurity element for imparting the p-type is contained at 
a concentration which is 1.5 to 3 times as high as the concen 
tration of the impurity element for imparting the n-type. 
Therefore, the third impurity regions work as source regions 
and drain regions of the p-channel TFTs without arousing any 
problem. 

Referring next to FIG. 8(C), a first interlayer-insulating 
film 937 is formed on the electrically conducting layers 918 to 
921 of the second shape and on the gate-insulating film 906. 
The first interlayer-insulating film 93.7 may be formed of a 
silicon oxide film, a silicon oxynitride film, a silicon nitride 
film, or a laminated-layer film of a combination thereof. In 
any case, the first interlayer-insulating film 937 is formed of 
an inorganic insulating material. The first interlayer-insulat 
ing film 937 has a thickness of 100 to 200 nm. When the 
silicon oxide film is used as the first interlayer-insulating film 
937, TEOS and O. are mixed together by the plasma CVD 
method, and are reacted together under a pressure of 40 Pa at 
a substrate temperature of 300 to 400° C. while discharging 
the electric power at a high frequency (13.56 MHz) and at a 
power density of 0.5 to 0.8 W/cm. When the silicon oxyni 
tride film is used as the first interlayer-insulating film 937, this 
silicon oxynitride film may be formed from SiH, NO and 
NH, or from SiHa and NO by the plasma CVD method. The 
conditions of formation in this case are a reaction pressure of 
from 20 to 200 Pa, a substrate temperature of from 300 to 400° 
C. and a high-frequency (60 MHz) power density of from 0.1 
to 1.0 W/cm. As the first interlayer-insulating film 937, fur 
ther, there may be used a hydrogenated silicon oxynitride film 
formed by using SiH, NO and H. The silicon nitride film, 
too, can similarly be formed by using SiHa and NH by the 
plasma CVD method. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
Then, a step is conducted for activating the impurity ele 

ments that impart the n-type and the p-type added at their 
respective concentrations. This step is conducted by thermal 
annealing method using an annealing furnace. There can be 
further employed a laser annealing method or a rapid thermal 
annealing method (RTA method). The thermal annealing 
method is conducted in a nitrogen atmosphere containing 
oxygen at a concentration of not higher than 1 ppm and, 
preferably, not higher than 0.1 ppm at from 400 to 700° C. 
and, typically, at from 500 to 600°C. In this Example, the heat 
treatment is conducted at 550° C. for 4 hours. When a plastic 
Substrate having a low heat-resistance temperature is used as 
the substrate 501, it is desired to employ the laser annealing 
method. 

Following the step of activation, the atmospheric gas is 
changed, and the heat treatment is conducted in an atmo 
sphere containing 3 to 100% of hydrogen at from 300 to 450° 
C. for from 1 to 12 hours to hydrogenate the semiconductor 
layer. This step is to terminate the dangling bonds of 10 to 
10/cm in the semiconductor layer with hydrogen that is 
thermally excited. As another means of hydrogenation, the 
plasma hydrogenation may be executed (using hydrogen 
excited with plasma). In any way, it is desired that the defect 
density in the semiconductor layers 902 to 905 is suppressed 
to be not larger than 10"/cm. For this purpose, hydrogen 
may be added in an amount of from 0.01 to 0.1 atomic '%. 

Then, a second interlayer-insulating film 939 of an organic 
insulating material is formed maintaining an average thick 
ness of from 1.0 to 2.0Lum. As the organic resin material, there 
can be used polyimide, acrylic resin, polyamide, polyimide 
amide, BCB (benzocyclobutene) as well as photosensitive 
acrylic resin. When there is used, for example, a polyimide of 
the type that is heat-polymerized after being applied onto the 
Substrate, the second interlayer-insulating film is formed 
being fired in a clean oven at 300° C. When there is used an 
acrylic resin, there is used the one of the two-can type. 
Namely, the main material and a curing agent are mixed 
together, applied onto the whole surface of the substrate by 
using a spinner, pre-heated by using a hot plate at 80°C. for 
60 seconds, and are fired at 250° C. for 60 minutes in a clean 
oven to form the second interlayer-insulating film. 

Thus, the second interlayer-insulating film 939 is formed 
by using an organic insulating material featuring good and 
flattened surface. Further, the organic resin material, in gen 
eral, has a Small dielectric constant and lowers the parasitic 
capacitance. The organic resin material, however, is hygro 
scopic and is not Suited as a protection film. It is, therefore, 
desired that the second interlayer-insulating film is used in 
combination with the silicon oxide film, silicon oxynitride 
film or silicon nitride film formed as the first interlayer 
insulating film 937. 

Thereafter, the resist mask of a predetermined pattern is 
formed, and contact holes are formed in the semiconductor 
layers to reach the impurity regions serving as Source regions 
or drain regions. The contact holes are formed by dry etching. 
In this case, a mixed gas of CFO and He is used as the 
etching gas to, first, etch the second interlayer-insulating film 
939 of the organic resin material. Thereafter, CF and O. are 
used as the etching gas to etch the first interlayer-insulating 
film 937. In order to further enhance the selection ratio rela 
tive to the semiconductor layer, CHF is used as the etching 
gas to etch the gate-insulating film 906, thereby to form the 
contact holes. 

Then, a wiring layer 940 formed of an electrically conduct 
ing metal film is formed by Sputtering or vacuum vaporiza 
tion. On the wiring layer 940 is further formed a separation 
layer 941 of a material which provides a large selection ratio 



US 7,393,792 B2 
13 

for the wiring layer and for the etching Solution during the 
etching. The separation layer 94.1 may be formed of an inor 
ganic material Such as nitride film or oxide film, or may be 
formed of an organic resin Such as polyimide, polyamide or 
BCB (benzocyclobutene). Or, the separation layer 94.1 may 
be formed of a metal material. 

Here, the separation layer 941 is patterned by using a mask 
and is, then, etched to form source wirings 942a to 945a, 
drain wirings 946a to 948a and separation portions 942b to 
948b. In this specification, the structure formed by the sepa 
ration layer and the wiring is called partitioning wall. Further, 
though not diagramed in this Example, the wiring is formed 
by a laminate of a 50 nm-thick Ti film and a 500 nm-thick 
alloy film (alloy film of Al and Ti). 

Then, a transparent electrically conducting film is formed 
thereon maintaining a thickness of 80 to 120 nm, and is 
patterned to form a pixel electrode 949 (FIG. 9(B)). In this 
Example, the pixel electrode 949 works as the anode. There 
fore, the pixel electrode 949 is formed by using an indium 
oxide-tin (ITO) film or a transparent electrically conducting 
film obtained by mixing 2 to 20% of a zinc oxide (ZnO) into 
indium oxide. 

Further, the pixel electrode 949 is formed being in contact 
with, and overlapped on, the contact wiring 923 that is elec 
trically connected to the drain wiring 946a, so that the pixel 
electrode 949 is electrically connected with the drain region 
of the current control TFT 963. 

Referring next to FIG. 9(B), an organic compound layer 
950, a cathode 951 which is an opposing electrode and a 
passivation film 952 are formed by the evaporation method. It 
is here desired that the pixel electrode 947 is heat-treated to 
completely remove the water content prior to forming the 
organic compound layer 950. In this Example, an electrode 
formed of a Mg: Agalloy is used as the cathode of the light 
emitting element, though any other material may be used, as 
a matter of course. 
The organic compound layer 950 is formed by laminating 

plural layers such as a positive hole injection layer, a positive 
hole transporting layer, an electron transporting layer, an 
electron injection layer and a buffer layer in addition to the 
light-emitting layer. The structure of the organic compound 
layer 950 used in this Example will now be described in 
detail. 

In this Example, the positive hole injection layer is formed 
by depositing copper phthalocyanine, and the positive hole 
transporting layer is formed by depositing MTDATA (4,4',4'- 
tris(3-methylphenylphenylamino)triphenylamine) by the 
evaporation method. It is, however, also allowable to use a 
PEDOT which is a polythiophene derivative as the positive 
hole injection layer, and an O-NPD or a polyphenylenevi 
nylene (PPV) as the positive hole transporting layer. 

Next, a light-emitting layer is formed. In this Example, 
organic compound layers that emit different light are formed 
by using different materials for the light-emitting layers. In 
this Example, organic compound layers are formed to emit 
light of red, green and blue colors. 
The light-emitting layer that emits light of red color is 

formed by doping Alq with DCM. There can be further used 
an Eu complex (Eu(DCM). (Phen)) and aluminum quinoly 
lato complex (Ald) doped with DCM-1, as well as any other 
known material. 

The light-emitting layer that emits light of green color is 
formed by depositing CBP and Ir(ppy) together. There can 
be further used an aluminum quinolylato complex (Ald) and 
benzoquinolynolatoberyllium complex (BeBq). There can be 
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14 
further used the aluminum quinolylato complex (Alq) being 
doped with cumarin 6 or quinacridone, as well as any other 
known material. 
As the light-emitting layer that emits light of blue color, 

there can be used DPVBi which is a distyryl derivative or a 
Zinc complex having an azomethine compound as a ligand 
and the DPVBi doped with perylene, as well as any other 
known material. 

After the light-emitting layer is formed, further, there may 
be formed the electron transporting layer and the electron 
injection layer. In this embodiment, a material Such as 1,3,4- 
oxadiazole derivative or 1,2,4-triazolederivative (TAZ) is 
used as the electron transporting layer. Further, a buffer layer 
206 may be formed by using such a material as lithium fluo 
ride (LiF), aluminum oxide (Al2O) or lithiumacetyl aceto 
nate (Liacac). 
The organic compound layer 950 having the laminated 

layer structure may have a thickness of from 10 to 400 nm) 
(typically, from 60 to 150 nm), and the cathode 951 may 
have a thickness of from 80 to 200 nm (typically, from 100 to 
150 nm). 

After the organic compound layer 950 is formed, the cath 
ode 951 is formed by the vaporization method to complete the 
light-emitting element 954. In this Example, the Mg: Agalloy 
is used as the electrically conducting film that serves as the 
cathode 951 of the light-emitting element 954. It is, however, 
also allowable to form an Al Li alloy film (alloy film of 
aluminum and lithium) or a film formed by covaporizing 
aluminum and an element belonging to the Group 1 or the 
Group 2 of periodic table. The covaporization stands for the 
vaporization method by which the cells for being vaporized 
are heated together and different substances are mixed 
together in the step of forming the film. 

After the cathode 951 has been formed, a passivation film 
952 is formed. Upon forming the passivation film 952, the 
organic compound layer 950 and the cathode 951 can be 
protected from the water component and oxygen. In this 
Example, a silicon nitride film is formed maintaining a thick 
ness of 300 nm as the passivation film 952. After the cathode 
951 is formed, the passivation film 952 may be continuously 
formed without being exposed to the open air. 

Thus, the light-emitting device of the structure shown in 
FIG. 9(C) is completed. A portion where the pixel electrode 
949, the organic compound layer 950 and the cathode 951 are 
overlapped one upon the other, corresponds to the light-emit 
ting element 954. 
The p-channel TFT 960 and then-channel TFT961 are the 

TFTs possessed by the drive circuit, and are forming a 
CMOS. The switching TFT 962 and the current control TFT 
963 are the TFTs possessed by the pixel unit. The TFTs of the 
drive circuit and the TFTs of the pixel unit can be formed on 
the same Substrate. 

In the case of the light-emitting device using the light 
emitting element, the power source Voltage of the drive circuit 
is about 5 to about 6 V, and is about 10 V at the greatest. 
Therefore, the TFTs are not much deteriorated by hot elec 
trons. Further, since the drive circuit needs to be operated at a 
high speed, it is desired that the gate capacity of the TFT is 
better small. In the drive circuit for the light-emitting device 
using light-emitting elements as in this Example, therefore, it 
is desired that the second impurity region 929 and the fourth 
impurity region 933b possessed by the semiconductor layer 
of the TFT are not overlapped on the gate electrodes 918 and 
919. 

Thus, there is formed a light-emitting panel forming the 
light-emitting elements on the Substrate as shown in FIG. 
9(C). 
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The thus formed light-emitting panel is then sealed and is 
electrically connected to an external power source through an 
FPC to complete the light-emitting device of the invention. 

Example 2 

This Example deals in detail with reference to FIG. 10 the 
method of completing, as the light-emitting device, the light 
emitting panel fabricated up to FIG. 9(C) in Example 1. 

FIG. 10(A) is a top view illustrating a state where the 
light-emitting element is sealed, and FIG.10(B) is a sectional 
view of when FIG.10(A) is cut along the line A-A. A dotted 
line 1001 denotes a drive circuit of the source side, 1002 
denotes a pixel unit, and 1003 denotes a drive circuit of the 
gate side. Reference numeral 1004 denotes a covering mem 
ber, 1005 denotes a sealing agent, and space 1007 is formed 
on the inside surrounded by the sealing agent 1005. 

Reference numeral 1008 denotes a wiring for transmitting 
the signals input to the drive circuit 1001 of the source side 
and to the drive circuit 1003 of the gate side, and video signals 
and clock signals are received through an FPC (flexible 
printed circuit) that serves as an external input terminal. 
Though the FPC only is diagramed here, a printed wiring 
board (PWB) may be mounted on the FPC. In this specifica 
tion, the light-emitting device includes not only the light 
emitting module of a state of mounting the FPC or the PWB 
on the light-emitting panel but also the light-emitting module 
mounting an IC. 

Next, the sectional structure will be described with refer 
ence to FIG. 10(B). The pixel unit 1002 and the drive circuit 
1003 on the gate side are formed on the substrate 1000, the 
pixel unit 1002 being constituted by current control TFTs 
1011 and plural pixels containing transparent electrodes 1012 
electrically connected to the drains of the current control 
TFTs 1011. Further, the drive circuit 1003 of the gate side is 
constituted by the CMOS circuit of a combination of the 
n-channel TFTs 1013 and the p-channel TFTs 1014 (see FIG. 
9). 
The pixel electrode 1012 serves as the anode of the light 

emitting element. Interlayer-insulating films 1006 are formed 
at both ends of the pixel electrode 1012. On the pixel elec 
trode 1012 are formed an organic compound layer 1016 and a 
cathode 1017 which is an opposing electrode of the light 
emitting element. 
The cathode 1017 also works as a wiring common to plural 

pixels, and is electrically connected to the FPC 1010 through 
the connection wiring 1009. The elements included in the 
pixel unit 1002 and in the drive circuit 1003 of the gate side 
are all covered with the passivation film 1018. 
The covering member 1004 is stuck with the sealing agent 

1005. There maybe provided a spacer of a plastic film to 
secure a gap between the covering member 1004 and the 
light-emitting element. Closed space is defined on the inside 
of the sealing agent 1005, and is filled with an inert gas such 
as nitrogen or argon gas. A hygroscopic member as repre 
sented by barium oxide may be provided in the sealed space. 
As the covering member 1004, there can be used a glass, 

ceramics, plastics or a metal. Here, however, the covering 
member 1004 must be capable of transmitting light when 
light is to be emitted on the side of the covering member 1004. 
As the plastics, there can be used FRP (fiberglass-reinforced 
plastics), PVF (polyvinyl fluoride), Mylar, polyester or 
acrylic resin. 
As described above, the light-emitting panel is sealed by 

using the covering member 1004 and the sealing agent 1005, 
in order to completely shut the light-emitting elements off the 
external side and to prevent, from the external side, the infil 
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16 
tration of Substances such as water and oxygen that deterio 
rate the organic compound layer upon the oxidation. It is 
therefore allowed to obtain a highly reliable light-emitting 
device. 

This Example can be put into practice in free combination 
with Example 1. 

Example 3 

FIG. 11 is a top view of the pixel unit of the light-emitting 
element fabricated according to the method of Example 1. 
The circuit constitution on the substrate is as shown in FIG. 
11(A): i.e., there are arranged a drive circuit 1101 of the 
source side, a drive circuit 1102 of the gate side and a pixel 
unit 1103. 

FIG.11(B) is a diagram illustrating, on an enlarged scale, 
a region a (1104) of the pixel unit 1103 in which are formed 
pixel electrodes (anodes in this Example) of the light-emit 
ting elements and the organic compound layer. 
The source signal line 1105 is electrically connected to the 

drive circuit 1101 of the source side. The current feederline 
1106 for supplying the current to the light-emitting element is 
formed in parallel with the source signal line 1105. 

Pixels 1107 formed in a plural number in the form of a 
matrix in the pixel unit 1103 are each surrounded by the 
interlayer-insulating film 1108. 

After the organic compound layer has been formed, a cath 
ode 1109 which is an opposing electrode is formed as shown 
in FIG.11(C). Here, however, the source signal line 1105 and 
the current feederline 1106 formed on the interlayer-insulat 
ing film 1108 are located at positions higher than the surface 
of the substrate as compared to the pixels 1107 and, hence, the 
cathode 1109 is cut off. That is, the cathode 1109 is common 
to the same sequence of pixels arranged in the longitudinal 
direction facing the Surface of the paper, but is not common to 
the sequence of pixels arranged in the transverse direction. 
As shown in FIG. 11(C), therefore, the connection wiring 

1110 is formed. The connection wiring 1110 has been formed 
already simultaneously with the electrode wiring and the gate 
electrode. Upon electrically connecting the cathode 1109 
which serves as a wiring common to plural pixels to the 
connection wiring 1110 on the interlayer-insulating film 1108 
through the connection portion shown in FIG. 11(C), there 
fore, all pixels are connected to the external power source. 
The connection wiring 1110 may be formed at the lower 
portion of the pixel unit facing the Surface of the paper as 
shown in FIG.11(C) or may be formed in the upper portion. 
Or, the connection wirings 1110 may be formed at the upper 
and lower portions. These structures help prevent linear 
defect caused by the breakage of the cathode 1109 shared by 
the sequence of pixels. This Example can be put into practice 
in free combination with the constitution of Example 1 or 
Example 2. 

Example 4 

An external light emitting quantum efficiency can be 
remarkably improved by using an organic material (which is 
also referred to as triplet compounds) by which phosphores 
cence from a triplet exciton can be employed for emitting a 
light. As a result, the power consumption of the light-emitting 
element can be reduced, the lifetime of the light-emitting 
element can be elongated and the weight of the light-emitting 
element can be lightened. 
The following is a report where the external light emitting 

quantum efficiency is improved by using the triplet exciton 
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(T. Tsutsui, C. Adachi, S. Saito, Photochemical processes in 
Organized Molecular Systems, ed. K. Honda, (Elsevier Sci. 
Pub., Tokyo, 1991) p. 437). 
The molecular formula of an organic material (coumarin 

pigment) reported by the above article is represented as fol 
lows. 

Chemical Formula 1 

(M. A. Baldo, D.F.O. Brien, Y. You, A. Shoustikov, S. Sibley, 
M. E. Thompson, S. R. Forrest, Nature 395 (1998) p. 151) 
The molecular formula of an organic material (Pt complex) 

reported by the above article is represented as follows. 

Chemical Formula 2) 

(M. A. Baldo, S. Lamansky, P. E. Burrows, M. E. Thompson, 
S. R. Forrest, Appl. Phys. Lett., 75 (1999) p.4.) 
(T. Tsutsui, M. J. Yang, M. Yahiro, K. Nakamura, T. 
Watanabe, T. Tsuji, Y. Fukuda, T. Wakimoto, S. Mayaguchi, 
Jpn. Appl. Phys., 38 (12B) (1999) L1502) 
The molecular formula of an organic material (Ir complex) 

reported by the above article is represented as follows. 

Chemical Formula 3 

Ir 

21 NN 

N 

As described above, if phosphorescence from a tripletexci 
ton can be put to practical use, it can realize the external light 
emitting quantum efficiency three to four times as high as that 
in the case of using fluorescence from a singlet exciton in 
principle. 

Further, it is possible that the organic material of this 
embodiment is used to the organic compound layer of the 
light-emitting device shown in Embodiments 1 to 3. 
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Example 5 

The light-emitting device fabricated in accordance with the 
present invention is of the self-emission type, and thus exhib 
its more excellent recognizability of the displayed image in a 
light place as compared to the liquid crystal display device. 
Furthermore, the light-emitting device has a wider viewing 
angle. Accordingly, various electronic devices can be com 
pleted by using the light-emitting device of the present inven 
tion to a display portion. 

Such electronic devices include a video camera, a digital 
camera, a goggles-type display (head mount display), a navi 
gation system, a Sound reproduction device (a car audio 
equipment and an audio set), a laptop personal computer, a 
game machine, a portable information terminal (a mobile 
computer, a portable telephone, a portable game machine, an 
electronic book, or the like), an image reproduction apparatus 
including a recording medium (more specifically, an appara 
tus which can reproduce a recording medium such as a digital 
video disc (DVD) and so forth, and includes a display for 
displaying the reproduced image), or the like. In particular, in 
the case of the portable information terminal, use of the 
self-emission device is preferable, since the portable infor 
mation terminal that is likely to be viewed from a tilted 
direction is often required to have a wide viewing angle. FIG. 
12 respectively shows various specific examples of such elec 
tronic devices. 

FIG. 12A illustrates a display device which includes a 
frame 2001, a support table 2002, a display portion 2003, a 
speaker portion 2004, a video input terminal 2005 or the like. 
The display device can be completed by using the light 
emitting device manufactured by the present invention to the 
display portion 2003. The light-emitting device is of the self 
emission type and therefore requires no back light. Thus, the 
display portion thereof can have a thickness thinner than that 
of the liquid crystal display device. The display device is 
including all of the display device for displaying information, 
Such as a personal computer, a receiver of TV broadcasting 
and an advertising display. 
FIG.12B illustrated a digital still camera which includes a 

main body 2101, a display portion 2102, an image receiving 
portion 2103, an operation key 2104, an external connection 
port 2105, a shutter 2106, or the like. The digital still camera 
manufactured by the present invention can be completed by 
using the light-emitting device to the display portion 2102. 

FIG. 12C illustrates a laptop type personal computer which 
includes a main body 2201, a casing 2202, a display portion 
2203, a keyboard 2204, an external connection port 2205, a 
pointing mouse 2206, or the like. The laptop type personal 
computer can be completed by using the light-emitting device 
manufactured by the present invention to the display portion 
22O3. 

FIG. 12D illustrated a mobile computer which includes a 
main body 2301, a display portion 2302, a switch 23.03, an 
operation key 2304, an infrared port 2305, or the like. The 
mobile computer can be completed by using the light-emit 
ting device to the display portion 2302. 

FIG. 12E illustrates an image reproduction apparatus 
including a recording medium (more specifically, a DVD 
reproduction apparatus), which includes a main body 2401, a 
casing 2402, a display portion. A 2403, another display por 
tion B 2404, a recording medium (DVD or the like) reading 
portion 2405, an operation key 2406, a speaker portion 2407 
or the like. The display portion A 2403 is used mainly for 
displaying image information, while the display portion B 
2404 is used mainly for displaying character information. The 
image reproduction apparatus can be completed by using the 
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light-emitting device manufactured by the present invention 
to the display portion A 2403 and B2404. The image repro 
duction apparatus including a recording medium further 
includes a game machine or the like. 

20 
short-circuit between the wiring and the opposing electrode. 
The invention, therefore, makes it possible to simplify the 
process for producing the light-emitting device and to pro 
duce the devices maintaining a throughput higher than ever 

FIG. 12F illustrates a goggle type display (head mounted 5 before. 
display) which includes a main body 2501, a display portion 
2502, an arm portion 2503. The light-emitting device in 
accordance with the present invention can be used as the 
display portion 2502. 

FIG. 12G illustrates a video camera which includes a main 
body 2601, a display portion 2602, an audio input portion 
2603, an external connecting port 2604, a remote control 
receiving portion 2605, an image receiving portion 2606, a 
battery 2607, a sound input portion 2608, an operation key 
2609, or the like. The video camera can be completed by using 
the light-emitting device manufactured by the present inven 
tion to the display portion 2602. 

FIG. 12H illustrates a mobile phone which includes a main 
body 2701, a casing 2702, a display portion 2703, a sound 
input portion 2704, a sound output portion 2705, an operation 
key 2706, an external connecting port 2707, an antenna 2708, 
or the like. The mobile phone can be completed by using the 
light-emitting device manufactured by the present invention 
to the display portion 2703. Note that the display portion 2703 
can reduce power consumption of the portable telephone by 
displaying white-colored characters on a black-colored back 
ground. 
When the brighter luminance of the organic material 

becomes available in the future, the light-emitting device in 
accordance with the present invention will be applicable to a 
front-type or rear-type projector in which light including 
output image information is enlarged by means of lenses or 
the like to be projected. 

The aforementioned electronic devices are more likely to 
be used for display information distributed through a tele 
communication path such as Internet, a CATV (cable televi 
sion system), and in particular likely to display moving pic 
ture information. The light-emitting device is suitable for 
displaying moving pictures since the organic material can 
exhibit high response speed. 
A portion of the light-emitting device that is emitting light 

consumes power, so it is desirable to display information in 
Such a manner that the light-emitting portion therein becomes 
as Small as possible. Accordingly, when the light-emitting 
device is applied to a display portion which mainly displays 
character information, e.g., a display portion of a portable 
information terminal, and more particular, a portable tele 
phone or a sound reproduction device, it is desirable to drive 
the light-emitting device so that the character information is 
formed by a light-emitting portion while a non-emission por 
tion corresponds to the background. 
As set forth above, the light-emitting device formed by 

using the present invention can be applied variously to a wide 
range of electronic devices in all fields. The electronic device 
in the present embodiment can be completed by using a 
light-emitting device shown in Embodiments 1 through 3 to 
the display portion. 

According to this invention as described above, a function 
is imparted by utilizing the shape of the wiring to Substitute 
for the bank that has heretofore been formed by using a mask. 
Further, the shape of the wiring helps solve the problem of 
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The invention claimed is: 
1. A method of fabricating a display device comprising: 
forming a source region, a drain region and a channel 

region over a Substrate; 
forming a gate insulating film over the source region, the 

drain region and the channel region; 
forming a gate electrode and a first wiring; 
forming an insulating film over the gate electrode and over 

the first wiring: 
removing a part of the insulating film formed over the first 

wiring; 
forming a metal film over the first wiring and over the 

insulating film; 
forming a separation film over the metal film; 
etching the separation film to form a separation portion; 
etching the metal film to form a second wiring after form 

ing the separation portion, wherein the second wiring is 
electrically connected to one of the source region and the 
drain region; and 

forming a light-emitting element electrically connected to 
the first wiring. 

2. A method of fabricating a display device according to 
claim 1, wherein the display device is incorporated into an 
electronic apparatus selected from the group consisting of a 
digital camera, a notebook-type personal computer, a mobile 
computer, a portable image-reproducing device equipped 
with a recording medium, a goggle-type display, a video 
camera, a portable telephone, a navigation system, a Sound 
reproduction device and a game machine. 

3. A method of fabricating a display device according to 
claim 1, wherein the separation portion comprises a material 
that provides an etching rate Smaller than that of a material 
forming the second wiring with respect to an etching Solution 
selected from the group consisting of a hydrofluoric acid, a 
mixed solution containing a hydrofluoric acid, and a mixed 
Solution of phosphoric acid, nitric acid and acetic acid. 

4. A method of fabricating a display device according to 
claim 1, wherein the separation portion comprises a material 
selected from the group consisting of an inorganic material, a 
metal and an organic resin. 

5. A method of fabricating a display device according to 
claim 1, wherein the Source region, the drain region and the 
channel region are a source region, a drain region and a 
channel region of a current control TFT. 

6. A method of fabricating a display device according to 
claim 1, wherein the light-emitting element comprises an 
organic compound. 

7. A method of fabricating a display device according to 
claim 1, wherein the first wiring is an electrode connection 
wiring. 

8. A method of fabricating a display device according to 
claim 1, wherein the second wiring is a drain wiring. 

9. A method of fabricating a display device according to 
claim 1, wherein the first wiring is in contact with the light 
emitting element. 


